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Martinelli et al., http://www.jcb.org/cgi/content/full/jcb.201209077/DC1 Figure S1 . Classification of pore closure events in diverse settings. Classification of pore closure events. Live-cell imaging of pore closure after lymphocyte diapedesis across MVECs expressing mDsRed. Yellow dashed lines indicate the open pore in the endothelium. Dashed blue lines indicate propagation of closing protrusions within the pore. Green and red lines, respectively, represent phases of protrusion propagation outside of the pore moving toward it before closure or away from it afterward. (a) A representative type A closure. Propagation occurs within the confines of the pore only, moving from one edge to the opposite one. (b) A representative type B closure. Protrusion initiates at a pore edge and continues to propagate beyond the distal edge of the pore after closing it. Note that in the selected example the protrusion is initiated well before the T cell has completely exited the pore. (c) A representative type C closure. Protrusion initiates distant from the pore and migrates toward, across, and beyond it. Note that the selected event is also an example of successive propagation across and closure of two adjacent pores (pore 1 and 2). See also Video 2, Part I. Closure proceeds similarly through VL in diverse settings. (d) Live-cell imaging during granulocyte transcellular diapedesis across mYFP-expressing MVECs. Note that the VL (arrowheads) initiates distant from one pore, travels across (and closes) two distinct pores (1 and 2) in succession, and continues to extend beyond the edge of the cell (dashed blue line) to close a paracellular gap (type C closure). (e) Diapedesis as in A, performed with T cells under physiological laminar fluid shear flow (4 dyne/cm 2 ; red arrow). Note that two distinct VL form on opposite sides of the pore to close it and continue propagation briefly (type B closure). (f) Transcellular diapedesis of T cells across CHO-K1 epithelial cells expressing ICAM-1-GFP. Note VL initiates slightly outside of, and continues to propagate beyond, the pore (type C closure). Arrowheads indicate pore-closing VL. See also Video 2, Part II. Bars, 5 µm. (0), in the two frames (1 and 2, taken at 20 s intervals) after initial leukocyte-mediated transcellular pore formation, or in the frame immediately after addition of thapsigargin (positive control). n = 3. (ii) Calcium flux recorded continuously during persistent leukocyte diapedesis over a 35-min duration. n = 3. (iii) Calcium ratios were calculated at different stages of pore closure (i.e., percentage of completion) for VL and non-VL areas. n = 8. (c) Calcium responses were recording during single (i) and multiple sequential (ii) mechanical micro-wounding events. Blue regions represent the time frames corresponding to the initiation of VL and onset of pore closure. Failure to close pores correlated with failure to normalize calcium. Calcium ratios at 30 and 180 s after mechanical micro-wounding are shown. (iii) Non-closing pores failed to normalize calcium significantly below a ratio of 2. Values represent means ± SEM (n > 3). Statistical significance is indicated with p-values as follows: ***, P < 0.001; **, P < 0.01; *, P < 0.05. (d) Asymmetric retraction and recovery of mechanical micro-wounds. Wounding in a region of parallel actin stress fibers results in asymmetric viscoelastic recoil/relaxation in discrete regions (shaded blue) in antiparallel directions. Adjacent untouched fibers undergo visible extension, presumably because of compensatory force loading (red shaded areas). Robust VL and VW recovery responses predominantly formed in the relaxed (cyan arrows) but not the stretched areas (red shading). Dashed green and blue lines, respectively, indicate the original and current position of the intercellular junction adjacent to the transcellular micro-wound. At 90 s after wounding, a substantial degree of retraction of the intact junction toward the untouched neighbor is evident. Strong localized VL responses were seen from the neighbor precisely at the site of the initial relaxation (yellow arrow), formed within 80 s of micro-wounding (not depicted) and sustained at 450 and 555 s later. See also corresponding Video 6 and compare/contrast with Fig. 7 a. (e) Zones of viscoelastic recoil in actin networks form nodes of VL initiation on intact fibers. Images of actin-GFP immediately before and after micro-wounding were differentially pseudo-colored and overlaid. This representation highlights the displacement of intact actin networks at sites distant from, but originally tethered to, fibers that were broken during wounding. These highly displaced fibers become preferential loci for accumulation of actin nodes and VL (cyan arrows). See Video 7, ex. 2. Bars, 5 µm. Video 1. Leukocyte-driven endothelial micro-wounds are closed efficiently. (Part I) Directed lamellipodia heal leukocyte-mediated vascular micro-wounds. Live-cell imaging of lymphocyte diapedesis on MVECs transfected with actin-GFP (green) and mDsRed (red), corresponding to Fig. 1 b. Boxed regions A and B are expanded in bottom panels. (A) A burst of lamellar activity that rapidly closes a transcellular migration pore immediately after completion of diapedesis, which continues to travel a significant distance beyond the pore. Boxed region B and asterisk in top panel show related processes during closure of paracellular diapedesis gaps (see Fig. 3 for further explanation). (Part II) Membrane doubling/folding is associated with closing lamellipodia. Live-cell imaging of lymphocyte transcellular diapedesis across MVECs transfected with actin-GFP (green) and mDsRed (red) corresponding to Fig. 1 e. Arrowheads indicate initiation of actin protrusions at the edge of the pore (white) and adjacent to it (blue), which seem to emerge from preformed fibers, as the leukocyte completes diapedesis. These expand quickly and propagated across the pore to the MVEC cell periphery in coordination with lymphocyte movement between the cell and the substratum. The clearly evident doubling of the fluorescence membrane signal around these structures demonstrates that membrane is folded around them and that they are propagating as frank membrane protrusions. Images were acquired by time-lapse microscopy using a microscope ( In three sequential examples, extensive and complex micro-distortions of membrane and actin cytoskeleton are generated in MVECs by T cells as they form migration pores and spread under the endothelium (disrupting MVEC-substrate adhesion in the process). In all cases, preformed actin filaments in the distortion zone serve as predominant VL nucleation sites whereby a node or quasi-orthogonal spike appears briefly (20-40 s) and then abruptly transitions to a VL. Additionally, some evidence for both independent and coordinated VL and VW propagation can be seen in example 3 (see Fig. 5 b) . Example 2 shows sequential closure of a transcellular pore and a paracellular gap by a single VL. This VL initially turns nearly 180° to close the pore and subsequently adjusts 90° in the opposite direction to steer toward and close the gap (corresponding to Fig. 5 d) . Example 3 shows a larger field of view in which multiple diapedesis pores and gaps are formed in mDsRed (red)-and actin-GFP (green)-expressing MVECs (corresponding to Fig. 5 f) . This video provides a representative of the ability of the endothelium to coordinate complex propagation of multiple VL to close concomitantly formed discontinuities. Also note the apparent mixed VL and VW propagation, whereby VW seem to persist after micro-wound closure and VL extinction. Images were acquired by time-lapse microscopy using a microscope Video 5. Closure events after mechanical micro-wounding. (Part I) Sequential transcellular micromechanical wounding and healing events in a single MVEC. Live-cell imaging of transcellular mechanical micro-wounding in an MVEC transfected with actin-GFP (green) and mDsRed (red), corresponding to Fig. 6 b. A single MVEC was subjected to four sequential mechanical micro-wounding events (see numbers in bottom right panel). Each time the initial wound rapidly expands as broken adhesions and cytoskeleton caused viscoelastic recoil of preexisting tension. The MVEC then rapidly formed nodes of actin in a large 20-30-µm radius around the pore with mixed VL and VW features. These exhibit directed propagation into the micro-wound to close it. The ventral nature of these structures can clearly be seen by dark regions in IRM (bottom left). Bars, 5 µm. (Part II) Closure event after paracellular mechanical micro-wounding. Live-cell imaging of paracellular mechanical micro-wound in MVEC transfected with actin-GFP (green) and mDsRed (red). By placing the probe tip over one cell near its junction a paracellular gap is formed. Significant viscoelastic recoil is evident in both the wounded cell and the untouched neighbor (particularly evident in the bottom right corner) that correlates with a highly robust VL and VW recovery response. The ventral nature of these structures can be seen by the appearance of dark spots in IRM (bottom left). Bars, 5 µm. Images were acquired by time-lapse microscopy using a microscope (Axiovert 200M; Carl Zeiss) . Frames were taken every 20 s for 45 min (Part I) or 20 s for 28 min and 20 s (Part II).
Video 6. Asymmetric retraction and recovery after mechanical micro-wounding. Live-cell imaging of transcellular mechanical wounding in MVECs coexpressing actin-GFP (green) and mDsRed (red), corresponding to Fig. 7 a and Fig. S3 d . Whereas the first example shows both predominant retraction and subsequent VL/VW recovery in orthogonally oriented directions (i.e., toward the top and bottom left corners), in the second example retraction and recovery both predominantly occur in antiparallel directions (i.e., toward the top left and bottom right corners). In both cases the nonresponding regions opposite the major recoil/response areas are visibly stretched and, therefore, tensed during wounding. In both examples the broken isometric tension is visibly transmitted to discrete regions of the unwounded neighbor cells through intact adherens junctions that retract and translate toward the neighboring cell (right side). In response, the untouched cells produce an avid VL response precisely in the location where retraction occurred. The ventral nature of these response structures is shown by the appearance of dark spots in IRM (fourth panel). Bars, 5 µm. Images were acquired by time-lapse microscopy using a microscope (Axiovert 200M; Carl Zeiss) . Frames were taken every 20 s for 19 min and 20 s (ex. 1) or 20 s for 14 min and 40 s (ex. 2).
Video 7. Tension release correlates with VL initiation on actin filaments. Live-cell imaging of mechanical wounding in MVECs coexpressing actin-GFP and mDsRed (not depicted), corresponding to Figs. 7 b and S3 e. MVECs were mechanically wounded paracellularly (ex. 1) or transcellulary (ex. 2). To better understand the relationship between the viscoelastic recoil that develops rapidly in the cytoskeleton after wounding, and the subsequent formation of actin nodes and VL, we froze the prewound actin image into the left panel and the red channel of the right panel and placed the full dynamic time-lapse series in the middle panels and green channel of the right panel. In the color overlaid panel on the right, the first frame has time-matched green and red images that show perfect colocalization yielding a yellow image. After micro-wound the progressive time series images in green become separated from the original alignment for an intuitive visualization of recoil response. Areas that undergo the most significant retraction exhibit predominant formation of nodes and VL (which were confirmed as such via IRM and membrane signal (acquired but not depicted). Images were acquired by time-lapse microscopy using a microscope (Axiovert 200M; Carl Zeiss) . Frames were taken every 20 s for 9 min (ex. 1) or 15 s for 6 min (ex. 2).
Video 8. Enforced substrate compression initiates putative VL. Live-cell imaging of a confluent MVEC monolayer coexpressing actin-GFP and mYFP during an acute 10% uniaxial compression/de-stretch of the substrate, corresponding to Fig. 8 b (ii) . To better visualize the initial de-stretch and the subsequent VL formation, we froze the first frame (magenta) and superimposed the time-lapsed images (green). Putative VL activity can be seen emanating from the ends of actin filaments that are partially aligned with the axis of de-stretch. For individual filaments, note the similarity to Video 1 B, showing paracellular gap closure after diapedesis micro-wounding. Shown is one representative experiment of at least 10 independent experiments. Images were acquired by time-lapse microscopy using a microscope (Axiovert 200M; Carl Zeiss) . Frames were taken every 35 s for 11 min and 45 s
